Methods of age determination, age and the parameters of the von Bertalanffy growth function are described for ocean perch, Helicolenus percoides Richardson, from the continental slope in eastern Bass Strait. Comparison of scales and otoliths revealed the latter to be superior for age estimation. Annuli were used for age determination; 97% of whole otoliths with 2-15 annuli were readable, compared with only 37% of older (15 + annuli) otoliths. Of sectioned otoliths with 15 + annuli, 81% were readable and the oldest age estimated was 42 (k 3) years, compared with only c. 30 years from whole otoliths. For whole otoliths, the precision of intra-reader and inter-reader age estimates was, respectively, 89% and 79% within * 1 annulus, and the average error was 4.6% and 5.0%. For sectioned otoliths, intra-and inter-reader precision was, respectively, 60% and 53% within k 1 annulus and the average error was 3.9% and 5.4%. Comparison of age estimates from whole otoliths and sectioned otoliths gave a precision of 84% within k 1 annulus and average error of 2.8%. Precision of age determination decreased with increasing age for both methods. Age validation, using Petersen's length-frequency method and a marginal-increment method, was unsuccessful. Mean length-at-age and the values for the parameters of the von Bertalanffy growth function were estimated. For female and immature fish: K = 0.107 and L, = 44.68 fork length (cm), and for male and immature fish: K = 0.115 and L, = 43.19 fork length (cm). The growth of males and females was statistically different.
Introduction
Ocean perch, Helicolenus percoides Richardson, occur in southern and south-eastern Australian waters from Western Australia to New South Wales. Immature individuals may be found in waters > 10 m deep, but the species is generally a deep-water (to 800 m) demersal dweller (Last et al. 1983 ; as red gurnard perch, H. papillosus). At present, ocean perch is of minor economic importance because the fishery for this species is new and relatively small. Consequently, no restrictions specific for this species exist on catch size or fishing methods, and most ocean perch are caught by trawlers targetting for other marketable species. Nevertheless, catches have been steadily increasing during the last few years because of increased commercial demand and value, and the present would seem an appropriate time to investigate the potential of the species to sustain a commercial fishery.
The most common method of rationally managing a fishery requires estimation of equilibrium yield and a harvest-rate parameter. The models available for these purposes include the Beverton-Holt dynamic-pool model (Ricker 1975) and Deriso-Schnute delaydifference model (Schnute 1985) . These require either an estimate of population (or catch) structure by age class or an estimate of the parameters of a growth function. For such estimates, an accurate method of age determination is necessary.
The structures most commonly used for age determination are scales and otoliths. In general, scales are as suitable as otoliths for ageing short-lived species and younger /88/040441$03 .OO fish of long-lived species (and are certainly easier to obtain), whereas otoliths are usually more reliable for older fish and longer-lived species (Kimura et al. 1979 ).
To date, no age-determination studies on H. percoides have been published, but Chilean perch, H. lengerichi, (Petrova and Chekunova 1979) and many species of the closely related genus Sebastes (Sandeman 1969 (Moulten 1975) , have been reported as short-lived and fast-growing but, for the genus Sebastes, researchers are concluding that most species are long-lived and slow-growing, attaining ages of up to 140 years (e.g. S. aleutianus, Chilton and Beamish 1982) . 
Age and Growth of Ocean Perch

Methods
Samples of ocean perch were collected by otter trawling on the continental slope of eastern Bass Strait, between longitudes 148" and 151°E. and latitudes 37" and 40"s. (Fig. 1) . Eight cruises were completed over a period of 17 months, commencing in May 1984. When possible, twelve sites, seven nominally in 450 m and five in 650 m depth, were sampled each cruise. Length-frequency distributions by 1 .O-cm interval in fork length were obtained for the catch of ocean perch at each site. A stratified random sample of a maximum of five fish per 2.0-cm length interval was then processed at each site. Fork length (to the nearest mm) and sex of each fish were recorded, and the sagittal otoliths were removed through the roof of the buccal cavity. On the first two cruises, scales were removed from beneath the pectoral fin.
Scales were slightly moistened before being examined with a stereo-microscope under transmitted light. The best scale from each fish, with a distinct focus and clear circuli, was selected for age estimation. The annulus on scales was an area of closely spaced circuli, and annuli were counted from the focus to the central edge of the anterior portion.
Whole otoliths were dried at room temperature for at least 1 month before being examined. Each pair of otoliths was placed in a black dish, immersed in water and immediately examined with a stereo-microscope using reflected light. The terminology of Mayo et al. (1981) is used when specifying regions and orientation of the otolith. The distal surface of whole otoliths was examined for age determination; the posterior portion was the best region in small to medium-sized otoliths, whereas the posterior-dorsal portion frequently had clearer annuli in larger otoliths. Age was estimated by counting the number of hyaline zones, which are considered to represent annuli.
Various techniques of staining, burning/heating and immersion in water or clearing agents (Galtsoff 1952; Albrechsten 1968; Hunt 1980) were tested to see if annulus clarity of whole otoliths improved. Otoliths were also broken in half in a plane through the dorso-ventral axis and then ground by hand with increasingly fine carborundum-paper to a translucent slice. Thin sections of 0.5-0.6 mm thickness were also obtained through the dorso-ventral axis by embedding whole otoliths in a clear polyester resin after the technique of Bedford (1983) , before sectioning with an opal cutting saw (Gemmasta) and diamond-impregnated blade (10.2 cm diameter by 0.1 mm thick). Residual ground otolith material was removed from the sections by washing with 3970 nitric acid. To ease storage and handling problems, sections were mounted on slides with a clear mountant (DPX mountant, BDH Chemicals, Vic.) and covered with coverslips.
To ensure that no particular age class(es) or sex biased the growth estimates by over-representation, the main sample of otoliths for ageing was based on approximately equal numbers in each age class for each sex for each cruise. This was done by initially ageing a subsample of 80 whole otoliths. These provided a rough estimate of fork length-at-age, and fork length was then used to select the main ageing sample.
Whole otoliths up to 15 years of estimated age were measured across the distal surface with a microcomputer-based digitizing system (J. W. J. Wankowski; D. K. Hobday and M. G. Smith, unpublished data). For each of these otoliths, the otolith radius, the radius for each annulus and the marginal increment (the distance from the outermost annulus to the edge of the otolith) were measured along the axis from the centre of the nucleus to the posterior edge of the otolith.
For whole otoliths of more than 15 years' estimated age and all the sectioned otoliths, ages only were determined since measurements could not be made along the same axis on each otolith. Where repeated age estimates of one otolith by a reader varied by more than + 2 years, the ages were considered to be only 'approximate' and were not used in calculations of the mean lengths-at-age or the parameters of the von Bertalanffy growth function.
The replicability of our assigned ages was assessed by re-ageing subsamples of otoliths. Age estimates were compared in a 'double-blind' test whereby two readers independently determined ages for subsamples of whole otoliths, sectioned otoliths, and pairs of whole and sectioned otoliths 6 months after the initial readings. Percentage precision and the average per cent error (Beamish and Fournier 1981) were calculated. Average per cent error (apE) was calculated:
Where: N = number of fish aged; R = number of times fish are aged; Xij = the ith age determination of the jth fish; X j = the average age calculated for the jth fish.
Length-frequency distributions from each cruise were examined to determine whether the presence of a dominant year class, or fork length modes which might indicate individual year classes, could be followed consecutively through length-frequency distributions. If this were so, the validity of the agedetermination procedure could then be evaluated using Petersen's method (Petersen 1895) , whereby modal progressions through successive length-frequency distributions are compared with the age classes as determined from otoliths.
Validation of our ageing procedure was also attempted using marginal-increment analysis. The mean marginal increment (and standard error) was calculated using all the otoliths for each of the eight cruises. The time series of these mean marginal increments together with their standard errors was examined to determine if there was any seasonal pattern in annulus formation and, if so, this would indicate that annuli were formed once each year.
Growth in length was estimated for female plus immature fish, male plus immature fish and all individuals combined by the von Bertalanffy growth function (von Bertalanffy 1960), which was fitted to individual data points using the BMDP nonlinear estimation package (Dixon 1983) . All age-length data were used except where it had been possible to assign only an approximate age. As the growth function would have been biased by the exclusion of age-length data for younger age classes, immature fish were included with both the female and male fish.
The von Bertalanffy growth function may be written:
where: L, is the fork length at age t L , is the asymptotic fork length K is a parameter describing how rapidly L , is achieved to is the hypothetical age at fork length zero The 'extra sum of squares principle' F-test (Draper and Smith 1979) was used to compare growth between sexes. Since the F-test requires independent samples, immature fish were not included in the test data.
Results and Discussion
Age Determination Methods
Annuli were moderately well defined in most scales up to a scale age of 5 years, but became increasingly difficult to read and were often unreadable as scale age increased from 6 to 10 years. Although a few scales aged 6-10 years were easily interpreted, many estimates were made by 'educated guessing' rather than an application of specific criteria. Scales from almost all fish of 10 or more years of age, as determined from otoliths, were either unreadable or regenerated. Scales were therefore rejected as structures suitable for age determination.
Most whole otoliths have an interpretable pattern of alternating hyaline and opaque zones on their distal surface (Fig. 2a, 2b) . 'False' checks occurred frequently, but were identifiable by their smaller width, irregular spacing and tendency to be discontinuous ( Fig. 24 . The percentage of readable whole otoliths was relatively constant at 97% throughout the 2-15-year age group, but the mean readability of all older (15+ years) otoliths (Fig. 2d) was only 37% and decreased rapidly with age. The maximum age determined from a whole otolith was about 30 years.
None of the soaking, staining and heating/burning techniques which were tested in an attempt to increase annulus clarity and readability in whole otoliths were considered sufficiently worthwhile to justify the extra time required for routine application. A considerable improvement in both clarity and readability of otoliths was obtained by breaking and then grinding down the otoliths. However, there were problems associated with this method: (1) not all otoliths broke through the nucleus in the dorso-ventral plane, (2) a large number of otoliths fragmented during grinding, (3) slices of uniform thickness and therefore comparable readability were difficult to obtain and (4) the method was extremely time-consuming. The sectioning method solved the first three problems associated with grinding and was significantly less time-consuming. Moreover, the percentage of readable otoliths (Fig. 3) of 15 or more years increased to 83% and the maximum age obtained was about 42 years. Sectioning was therefore adopted as a routine treatment for most otoliths of 10 or more years when this age or an unreadable classification had been assigned to an otolith after reading it whole. 
Precision of Otolith Age Estimates
Intra-reader (Table 1 ) and inter-reader ( Table 2 ) precision for the whole otolith subsample was, respectively, 54% and 49% identical, 89% and 79% within A 1 annulus and 96% and 95% within 5 2 annuli. Average per cent error was 4.6% and 5.0%, respectively, for intra-and inter-reader age estimates. From the original age estimates by the primary reader, the age range of the subsample was 2-15 years with a mean of between 9 and 10.
For sectioned otoliths, intra-reader (Table 3 ) and inter-reader (Table 4) precision was, respectively, 34% and 24% identical, 60% and 53% within + 1 annulus and 82% and 73%
within + 2 annuli. Average error was 3.9% and 5.4%, respectively, for intra-and interreader age estimates. From the first reader's original age estimates, the age range was 10-25 years with a mean between 17 and 18. For both methods of age determination, the precision of age estimates decreased with increasing age, but there was no evidence of bias towards higher or lower mean ages obtained from any of the readings. As would be expected, the primary reader's second age estimates had lower average percentage error than those re-aged by a second reader. Although the precision of age estimates for whole otoliths is higher than those for sectioned otoliths, the similarity of the average per cent errors for the two methods shows that this is mainly a function of the higher mean age of the sectioned otoliths. The precision of the repeated age estimates for both whole otoliths and sectioned otolith is similar to that found for other long-lived species. For instance, precision of independent otolith readings for several species of Sebastes, all of which may live to 15-25 years, usually varies between 60% and 97% within + 1 annulus (Kelly and Wolf 1959; Six and Horton 1977) . Similarly, Westrheim (1973) reported inter-reader agreement of 85% within + 1 annulus for a subsample of otoliths from Sebastes alutus. However, he also demonstrated that, within * 1 annulus, agreement decreases from 100% for 0-5 year olds, to 50-60% for 16-18 year olds and to < 40% for 21-24 year olds. Thus, for ocean perch, the precision values for both methods of ageing are within the range found for related species of a similar age-group distribution. There was a high degree of precision between age estimates obtained by whole and section readings from the same otoliths, indicating that compatible and reliable ages were being determined. For whole and sectioned otoliths with 10-25 annuli, the agreement between two independent readings by the same person was 36% identical, 84% within 4 1 annulus and 96% within + 2 annuli (Table 5 ) , and average error was 2.8%. The average percentage error for this comparison is lower than those for repeated observations on both whole otoliths and sectioned otoliths because only the clearest and therefore most easily interpreted otoliths of 10 or more years are readable when whole.
The precision of our whole-otolith versus sectioned-otolith age estimates differs from those of some studies. For instance, Beamish (1979a Beamish ( , 1979b found that, although whole otolith ages are comparable to section ages for the earlier year classes, they deviate in later years; whole ages become progressively lower than section ages. Our age estimates remained reasonably consistent even for older age classes when the whole otoliths were readable; however, this reflects the decreasing number of readable whole otoliths with increasing age.
The validity of the age-determination process is indirectly supported by the excellent agreement in age estimates between the two methods and two readers, and ages using either method can be used to estimate growth of younger fish. However, older whole otoliths are increasingly difficult to read and the oldest ones are unreadable. Thus, ages determined only from whole otoliths would incorrectly estimate the growth of older ocean perch, since the maximum ages obtained were lower than those from sectioned otoliths. Failure to determine the longevity of ocean perch affects the values of other parameters, for example growth and mortality rates. 
Annulus Consistency between Age Classes
Otolith growth was found to be proportional to growth in length of the fish (Table 6 ). Allowing for differences in growth of individual fish, if the ages are to be valid and reproducible the age of each individual must be determined from annuli in the same relative position. That is, the ith annulus for fish of age n years must have approximately the same mean radius as that of the ith annulus for fish of age n + 1 years, and the radius must show minimal overlap with that of the i + 1 and i -1 annuli. This presupposes that the identification of early annuli is not influenced by the number of later annuli. The mean annular radius measurements for each age and all sexes combined (Table 7) demonstrate that the periodic annuli identified in this study are a consistent feature over at least ages 2-15 years.
Validation of the Age-determination Procedure
Unfortunately, no dominant year class or modal fork-length series could be discerned from the length-frequency data, and a marginal-increment study proved inconclusive. This was caused in both instances, at least partly, by the small samples of immature fish whose rapid growth rate often makes them suitable for such analyses.
Validation of the estimated ages is a problem associated with many age-determination studies. Beamish and McFarlane (1983) reported that, although 65% of 500 studies on age and growth mentioned or attempted validation, less than 3% were successful. For species from deep-water habitats, such as ocean perch, validation is particularly difficult because two of the methods commonly employed in fisheries studies, namely, tagging and aquarium growth studies, cannot be undertaken. Although it may be possible to validate the age estimates of ocean perch using techniques such as those employed by Bennett et al. (1982) , it has not been possible given the logistic constraints of the present study. However, annuli in otoliths of ocean perch are unlikely to form other than on an annual basis, and they appear to be consistent indicators of age occurring throughout the life-span. 
Growth
Mean lengths-at-age (Table 8) increased with increasing age for the first 20 years. At ages >20 years, because of the small number of fish and variability in individual fish size, the mean length of older age classes was sometimes smaller than that of younger ones, although the general trend was an increase in length with age in progressively smaller increments. The von Bertalanffy parameters K, L , and to were estimated (Table 9 ) , and the resultant growth curves were plotted with 95% confidence limits around the fitted line (Fig. 4) . The asymptotic lengths are close to the maximum lengths found. Pauly (1980) notes that for small species in an unexploited stock the oldest fish generally reach about 95% of their asymptotic length. Although our values may be slightly higher than expected, ocean perch is a relatively small species and the stock is very lightly exploited.
The F-test indicated a significant difference between the growth of males and females [F(,,,,) = 4.6, P < 0.051. From these data the rate of growth of the sexes seems comparable, but females seem to attain a slightly larger (maximum theoretical) length. Differences in the growth rate of the sexes have been reported for some (e.g. Beamish 1979b; Kimura et al. 1979) but not all (e.g. Boehlert and Yoklavich 1984) species of Sebastes.
The data on age and growth show ocean perch to be a relatively long-lived species which, except for the first few years, has a relatively slow growth rate with females approaching a slightly greater asymptotic length. These findings differ from those of Petrova and Chekunova (1979) for Helicolenus lengerichi, which they found to reach mean lengths of 14.1 cm, 21.7 cm and 30.5 cm at, respectively, 2, 3 + and 5 years, and to have a maximum age of 7 years. In fact, the mean lengths of 1-5-year-old H. lengerichi are very similar to those for ocean perch of twice their age. Further, the rate of growth of H. lengerichi remains constant throughout its life-span, whereas that of ocean perch decreases with increasing age. No differences were noted in the growth of the sexes in H. lengerichi. These differences in pattern of life-history for two closely related species seem unlikely. However, several studies (Beamish 1979a (Beamish , 1979b Mills and Beamish 1980) have shown that the use of scales and whole otoliths, as by Petrova and Chekunova (1979) , may result in underestimation of age. Certainly, our findings are consistent with those for many species of Sebastes (Six and Horton 1977; Bennett et al. 1982; Chilton and Beamish 1982) .
The low growth rate and high longevity of this species implies that the natural mortality rate is almost certainly low. With regard to management of this resource, it therefore follows that the species is unlikely to sustain high harvest rates, and that exploitation levels should be kept relatively low. As yet, ocean perch is an under-exploited resource and there is no reason for concern, at present, regarding the level of exploitation. However, the situation may need to be reassessed if the present trend of increasing demand and, consequently, increased fishing pressure continues.
